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Title: Predicted vs. Estimated Welfare Measures: A Test of the Benefits Transfer 
Method 
 
Abstract: Estimating non-market value on a site-by-site basis is a costly and time-consuming 
task. Benefits transfer is an alternative approach.  We attempt to assess the bias and reliability 
of predicted value from the benefit transfer approach, using the U.S. Fish and Wildlife Ser-
vices’ National Survey of Fishing, Hunting and Wildlife Associated Recreation. 
 
I. Introduction 
  An understanding of ecosystem as well as economic aspects of natural resources in 
terms of non-market value is essential for environmental management agencies.  Humans, as 
users of natural resources, interact with their natural surroundings by participating in activities 
such as hunting and wildlife watching.  From an economic perspective, knowledge of the val-
ues that the users place on such resources could help government agencies manage the re-
sources efficiently, while providing a tool to investigate public support for certain policies. 
Estimating such values on a site-by-site basis is a very costly and time-consuming 
task.  An alternative approach recommended to cope with this challenge is the benefits trans-
fer method in which nonmarket values are estimated at one setting, and then transferred to 
another (Boyle and Bergstrom, 1992).  However, the benefits transfer approach has been 
viewed with skepticism by a number of researchers, mainly because transferring benefits from 
one site to another could raise problems of reliability. 
In order to test the reliability of benefits transfers with respect to recreational demand 
modeling, we make use of an extensive nationwide survey of individuals who participate in 
wildlife-related activities.  We use the U.S. Fish and Wildlife Services’ National Survey of 
Fishing, Hunting and Wildlife Associated Recreation in conjunction with the travel cost 
method at a study site consisting of 5 Middle South states to establish a measure of benefits   2 
for wildlife related activities.  We then transfer estimated benefits to a target site consisting of 
4 Southeastern states.  To assess the reliability of benefits transfer, a travel cost model is esti-
mated at the study site, as well as the target site.   The equivalence of the coefficients of both 
benefit functions at the two sites is tested for the convergence of transferability. Then, the 
transferred benefits are estimated along with a test for bias.  The same exercise can also be 
carried out in reverse.  The use of national data that are collected in a consistent manner thus 
provides a unique opportunity to explore the appropriateness of the benefits transfer method. 
II. Background   
The estimation of benefits at unstudied recreational sites has long been recognized as a 
needed exercise that has been stimulated by requirements to perform benefit-cost analysis on 
federal regulations (Loomis, 1992).  Boyle and Bergstrom (1992) described benefit transfer as 
"the transfer of existing estimates of nonmarket values to a new study which is different from 
the study for which the value originally estimated.”  It also refers to the transferring of esti-
mated benefits from a study site to a policy site (Desvouges et al. 1992).  It focuses on meas-
uring how the people gain/lose in monetary terms from a change in policy in certain unstudied 
resource areas.  In general, benefit transfer estimates have been based on expert opinions, ob-
served behaviors, and preference elicitation mechanisms (Brookshire and Neill, 1992). 
Due to the limitations of existing studies, early applications of benefits transfer used a 
unit-day value based on expert opinions from an administratively approved table to estimate 
the benefit of target sites (Loomis, 1992).  Through this approach, a value estimate (i.e. mean 
willingness to pay) at a study site was transferred to the target site where the change in envi-
ronmental quality in associated with proposed policy took place.     3 
Calculating the benefit at the target site using existing computed values from a study 
site often causes bias because the average value per day derived from the study site is usually 
is based on different data and set of assumptions as compared to the target site.  To obtain 
minimally biased estimates, Loomis (1992) suggested transferring an entire demand equation.  
This is an improvement because in transferring an entire equation, a change in benefit ob-
tained from the study site takes associated site and population characteristics into account, and 
does not just transfer unit value regardless of such variables as in earlier studies.  In the proc-
ess of transferring benefits, potential errors from the original analysis estimates and from the 
transferal process are likely to occur.  To handle these challenges, judgments about economic 
theory, empirical evidence, and research experience must be seriously taken into account 
(McConnell, 1992). 
Boyle and Bergstrom (1992) pointed out that, for idealistic technical criteria, the val-
ued commodity and population characteristics at the study site must be identical to those of 
the target site.  They also stated that the property rights assignments at both sites must lead to 
the same welfare measure.  They further suggested that if comparisons between data collec-
tion at the study site as well as at the target site are not statistically different, a researcher can 
proceed.  Ideally, the estimated coefficients of the studied and the policy sites should be 
statistically equivalent. 
Loomis (1992) conducted a test on the demand coefficients of both the existing de-
mand and transfer equations in his study for salmon fishing in Oregon versus Washington and 
for freshwater steelhead fishing in Oregon versus Idaho. By applying a travel cost demand 
equation, he found that the demand coefficients of existing and transfer equations were statis-
tically different.  Therefore, benefit transfer errors in this case are likely to occur.    4 
In 1995, Loomis et al. conducted some tests on the reliability of transferability of an 
entire demand equation using visitation data of U.S. Army Corps of Engineer reservoirs in 
three districts: Sacramento, CA, Little Rock, AK and Nashville, TN.  They found that the de-
mand coefficients of the existing and the transfer functions were not statistically equivalent 
using either nonlinear least square or Heckman sample selection methods.  One of their con-
clusions is that benefit transfer across regions is not recommended.  
Downing and Ozuna (1996) explored benefit function transfer both across time and 
region in eight Texas Gulf Coast bay regions during three different time periods.  They found 
that a benefit function transfer using both Contingent Valuation  (CVM) and Travel Cost 
(TCM) models tended to overestimate benefits and were not reliable.  They argued that due to  
nonlinearity properties of the benefit function, statistical equivalence of coefficients of the 
transfer demand does not imply similar welfare measures. 
  Kirchhoff et al. (1997) developed a methodology to evaluate the direct benefit and the 
benefit function transfers. They applied a random utility model to 2 pairs of recreation sites, 
one pair in Arizona (bird watching) and the other in New Mexico (white water rafting). To 
test for convergence of transferability, the log likelihood ratio test is used for testing the 
equivalence of the coefficients.  They rejected the null hypothesis of equality of coefficients.  
They found that despite problems associated with the benefit transfer approach, an entire 
benefit function transfer was more robust than transfer of average site benefits.  They also 
used confidence intervals to test for reliability of welfare changes based on the actual and pre-
dicted benefits.  They concluded that their application of the benefit transfer was questionable.  
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III. Methodology 
  To evaluate benefit transferability in this study, we first estimate the benefit function 
at the study site use a transfer model to estimate the benefit at the target site.  To test for the 
potential transferability of the benefit function, the coefficients of both the actual (study site) 
and the predicted (target site) benefit functions are tested for equivalence. 
  A random utility model (RUM) is used to obtain non-market values at the study site.  
In the RUM, the consumer’s utility is specified as a linear function of site attributes, consumer 
characteristics and an error term.  A consumer chooses to take a trip or participate in a certain 
activity if the utility gained from their choice is higher than that obtained from the alterna-
tives.  RUM represents two choices of individual’s utility and the choice is observed (yes or 
no).  The individual will choose what gives him/her higher utility.  However, in the data, we 
observe the average utility level plus error of either choice.  For instance, the utility of taking 
a trip (q>0) and utility of not taking a trip (q=0) can be written as: 
U1(x, z, m, p; q>0)  = U1  ⇒  taking a trip  or  ⇒   + 1 U ε 1   (1) 
U0(x, z, m, p; q=0)  = U0  ⇒  not taking a trip or ⇒   + 0 U ε  0   (2) 
where Ui(.)  is the ith individual’s utility function, while x, z, m, p, and ε   represent observable 
consumer characteristics, site quality characteristics, individual total budget, total costs of tak-
ing trip, and stochastic unobservable consumer's characteristics, respectively.   
We thus observe a trip if 
+ 1 U ε 1>  + 0 U ε  0.         ( 3 )  
Let   + 1 U ε 1  = X0β 1 + ε 1 and  + 0 U ε  0 = X0β 0 + ε 0. 
The individual will choose to take a trip if    6 
Xβ 1 + ε 1 > Xβ 0 + ε 0        ( 4 )  
or if, 
ε 1 -  ε 0 > X(β 0 - β 1)           ( 5 )  
where X is a vector of independent variables and β  is a vector of the coefficients. 
  The probability of taking a trip can also be written as 
  Prob(q=1)  =  Prob(ε 1 -  ε 0 > X(β 0 - β 1)),     (6) 
or, 
  Prob(q=1)  = Prob(ε
*> X
*β
*).       (7) 
 
  The vector of coefficients, β
*, of the benefit functions for the study site and the policy 
site are estimated.   To test the equivalence of the coefficients, a t-test is conducted.  Statisti-
cal equality of the coefficients implies that the function is convergent and likely to be trans-
ferable.  
Empirically, the cumulative density of ε
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            = Φ (β x). 
Where  Φ (β x) is a standard normal distribution.   
However, Downing and Ozuna (1996) pointed out that due to nonlinearity of the bene-
fit functions, statistical equivalence between the coefficients of the actual benefit function at 
the study site and the predicted benefit function at the target site do not necessary imply statis-
tical equality of the benefit measures.   It could also be the case that the statistical difference 
of the estimated coefficients of the benefit functions may not result in statistically different   7 
benefit estimates (Kirchhoff, et al. 1997).  Therefore, whether the benefit transfer function 
passes a test for convergence, the benefits estimated from the actual and the predicted benefit 
functions are calculated.   
After the RUM is estimated using probit model, an individual benefit is measured by 
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where  F(Vij ) is the CDF of the probit  distribution. 
  β i is an estimated coefficient of travel cost for hunting at the study site. 
  i=j  indicates the study; i ≠  j indicates welfare estimation of target site (j), using the 
estimated coefficients from study site (i).   
IV. Data and Empirical Results 
  The data used in this study are from the US Fish and Wildlife Services’ National Sur-
vey of Fishing, Hunting and Wildlife Associated Recreation, 1996.  A total of 548 survey 
samples of hunting activities of 5 Middle South states (Mississippi, Arkansas, Alabama, Lou-
isiana, Tennessee) and 288 of 4 Southeastern states (Georgia, Florida, North Carolina, South 
Carolina) are considered as members of Region 1 and 2, respectively.  Information on hunting 
costs including demographic characteristics, hunting equipment, transportation, food, accom-
modation, days and number of trips are included in the model and summarized in Table 1.   
  The descriptive statistics of the 2 regions show the similarity of demographic charac-
teristics, annual income, hunting expenditures and number of days and trips on hunting.  If 
similarity of population characteristic and other variables were to lead to statistical equiva-
lence of the coefficients between the study and the target site this would imply a convergence 
of transferability.     8 
  To test for the equivalence of the coefficients between the study site (Region 1) and 
the target site (Region 2), the demand for hunting in Region 1 is estimated using the RUM.   
The probit model is estimated with the number of hunting trips as the dependent binary choice 
variable, and the demographic characteristics, hunting costs per trip and income as explana-
tory variables.  To examine convergence of transferring benefit from Region 1 to Region 2, a 
t-test for the equivalence of the coefficients from Region 1 and those of the transfer function 
from Region 1 to Region 2 is conducted.  The difference between the predicted and the actual 
estimation of benefits could indicate the bias of the benefit transfer.  A similar procedure is 
also conducted in reverse. 
  The estimated coefficients of the RUM in Regions 1 and 2 are reported in Table 2.  
For Region 1, the hunting cost and age variables have negative significant coefficients of –
0.4473 and –0.0078, respectively, while income coefficient is 0.0977.   Males and whites are 
more likely to go on a hunting trip than are to female and non-whites, and the estimated coef-
ficients of the sex and race are 1.2799 and 0.4216, respectively.  For Region 2, the estimated 
coefficients are negative for hunting costs (-0.0513), age (-0.0129) and school (-0.0562), 
while income, sex (male) and race (white), similar to Region 1 at 0.0468, 1.2796 and 0.4846. 
   In testing for equivalence of the coefficients of the study site and the target site, a t-test 
is conducted.  Region 1 and Region 12 in Table 3 indicate predicted values form Region 1 
using the Region 1 model and coefficients, while Region 12 refers to predictions raised from 
using Region 2 coefficients estimated on Region 1 data, respectively.  The t-test is also con-
ducted in reverse (Region 2 VS Region 2 with Region 1 coefficients).  The null hypothesis of 
the equivalence of the coefficients is rejected in both cases (Table 4).   These tests are based 
on the difference between the predicted probability of the study site to the target site.  The   9 
mean difference in region 12 and region 1 indicate that 20% of the hunting participants esti-
mated in target site (Region 12) are more likely to participate in hunting activity as compared 
to the estimate from the study site (Region 1).   In reverse, the mean difference at the target 
site (Region 21) indicates that respondents are 11 % more likely to participate in hunting ac-
tivity as compared to the study site (Region 2).  This could lead to a bias in welfare/benefit 
transfer estimation. 
Despite the tendency towards non-convergence of transferability, the benefit estima-
tion at the study site and the target site is carried out to examine the benefit differences be-
tween the study and the target sites.  Differences in benefits between the study and target site 
indicate over estimation of the individual benefit per trip from benefit transfer function in 
both cases.  Transferring benefits per trip from Region 1 to Region 2 over-estimates welfare 
by about $2.25 as compared to the base of $4.82, which is the predicted value at Region 2.  
Transferring benefits from Region 2 to Region 1 results in about $3.81 higher benefits than 
the $0.95 actual estimation from Region 1 (Table 4).  The t-test also confirms a difference of 
the benefit transfers between the study site and the target site (Table 5). 
V. Conclusions 
  Despite the similarity in population characteristics and other variables in both regions, 
our preliminary results indicate the statistical non-equivalence of the coefficients of the RUM 
of the transfer function from Region 1 to Region 2, and vice versa.   As a consequence, for 
this study, there is a significant difference between the predicted and estimated welfare be-
tween regions.  Therefore, benefits transfer between the regions is not reliable.  However, the 
results presented in this study are preliminary.  There are other variables such as substitute 
sites that could be incorporated into the model.  The availability of a substitute site could have   10 
a significantly effect on visitation.   In addition, data could be obtained from other sources at 
the state level so that regional differences such as available acres of hunting habitat in the 
form of wildlife management areas, state forest and so on, topography, lake acres, and 
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  Table 1. Descriptive Statistics (Means) 
Variable                                       Region 1                           Region 2 
 
 
Annual Income                             $32,500                           $34,921 
 
Total Hunting Expenditure           $407.34                           $405.02 
 
Number of Hunting Trips                    21                                     22 
 
Number of Hunting Days                    24                                     23 
 
Age                                                      42                                     40 
 
White (%)                                          91.42                               91.67 
 
Married (%)                                       75.53                               69.10 
 
College (%)                                       22.99                                30.56 
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  Table 2.  Random Utility Mode Estimates of Region 1 and Region 2 
                                              Region 1                                             Region 2                             
  
Variables                    Parameter       Std Error                        Parameter     Std Error 
 
Intercept                       -0.5975          0.2699*                             -1.2888        0.3483* 
 
Lhunt                            -0.4473          0.0433*                             -0.0513        0.0507 
 
Income                           0.0977          0.0172*                              0.0468        0.0191* 
 
Age                               -0.0078          0.0022*                            -0.0129        0.0027*     
                         
School                           -0.0137          0.0170                              -0.0562        0.0213* 
 
College                          -0.0410          0.1059                               0.0429        0.1213 
 
Sex                                  1.2799          0.0913*                             1.2796        0.1265* 
 
Marital Status                  0.1233          0.0771                               0.1117        0.0942 
 
Race                                 0.4216         0.1046*                              0.4846        0.1247*   













Table 3.  Paired T-tests of Coefficients  
    Region                                                                          Mean of Paired 
                               Predicted Probabilities                       Differences                       t-statistics   
 
Region 12                         0.3625                                         
                               
Region 1                           0.4225                                            0.2054                              46.34** 
 
Region 21                        0.2444 
 
Region 2                          0.2476                                             0.1163                              37.46** 
Note:  **indicates significance level at 99% 
 
Table 4.  An Individual Benefits from Hunting Trip 
Region                                                                               
 
 
Region 21                     $4.76                   Region 12        $7.07             
 
Region 1                       $0.95                   Region 2          $4.82 
 
Difference                     $3.81                  Difference        $2.24 
 
 
Table 5. Paired T-test of Benefit per Trip 
Region                                     Mean of Paired 
                                                 Difference                  t-statistics 
 
Region 21-1                                $3.81                          53.64** 
 
Region 12-2                                $2.4                            17.61** 
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